This report characterizes squamous cell proliferation in young farm mink (Mustela vison) fed a diet supplemented with 0.024 ppm 3,3Ј,4,4Ј,5-pentachlorobiphenyl (polychlorinated biphenyl [PCB] congener 126). One to 2 months of dietary exposure to PCB 126 resulted in gross lesions of the upper and lower jaws consisting of mandibular and maxillary nodular proliferation of the gingiva and loose teeth. The maxilla and mandible of the PCB-treated mink were markedly porous because of loss of alveolar bone. Histologically, this osteoporosis was caused by proliferation of squamous cells that formed infiltrating cords. This report clearly documents the fact that the environmental contaminant PCB 126 can cause osteoinvasive squamous proliferation in young mink, although the dose used in the present study was 7 and 36 times higher than what is typically encountered in contaminated bird eggs and fish, respectively.
Polychlorinated biphenyls (PCBs), polychlorinated dibenzodioxins, and polychlorinated dibenzofurans are a group of halogenated aromatic hydrocarbon (HAH) compounds that are ubiquitous environmental contaminants. The PCBs are usually found as a mixture of individual congeners that differ markedly in their toxicity to animals. 17 The non-ortho-substituted, coplanar congener 3,3Ј,4,4Ј,5-pentachlorobiphenyl (PCB 126) is considered to be the most toxic PCB congener. 16 Because of an extreme sensitivity to the toxic effects of HAH compounds, mink are used as a representative species to study the effects of these compounds on carnivorous mammalian wildlife. 2, 6, 9, 10, 15 In a study designed to examine the effects of PCB 126 on the development of the baculum of growing mink, an unexpected lesion involving the proliferation of periodontal squamous cells of the maxilla and mandible developed in all exposed mink. The objective of this report is to describe this lesion, which had not been associated with consumption of PCB 126 in the past.
Forty 12-week-old, natural dark, male mink were randomly allocated into a control and a treatment group (20 mink per group) and placed in individual wire mesh cages (76 cm long ϫ 61 cm wide ϫ 46 cm high) in an indoor animal room at the Michigan State University Experimental Fur Farm. The mink were acclimated to the cages and indoor facilities for 1 week and then fed feed that consisted of 28.13% mink cereal, 28.13% duck by-products, 21.87% water, 9.37% chicken eggs, 6.25% fish meal, 6.25% turkey liver, 0.07 mg/ kg D-biotin, and 8.0 g/kg phosphoric acid (85%). As fed, the diet contained 54.15% moisture, 17.92% crude protein, 9.22% fat, 3.99% ash, 1.40% crude fiber, 0.86% calcium, and 0.78% phosphorus. a The feed was supplemented with 0 ppm PCB (control) or 0.024 ppm b PCB 126 that was Ͼ99% pure. c This dose is approximately 36 times higher than concentrations of PCB 126 reported in contaminated fish 17 and 7 times higher than concentrations typically found in bird eggs, 13 and was chosen, based on results of previous studies, as a concentration that would elicit biological effects but not be lethal to mink. The mink were provided feed and drinking water at libitum during the trial. They were observed daily for clinical signs of toxicity, such as anorexia and lethargy. Any mink having persistent signs of toxicity were euthanized (CO 2 gas).
All mink underwent necropsy. The maxillae and mandibles were fixed in 10% neutral-buffered formalin, trimmed, and processed for histologic examination. Sections were stained with hematoxylin and eosin (HE). The skulls from 1 treated and 1 untreated mink were cleaned of all soft tissue by dermestid beetles for gross examination of the osseous tissue of the jaws.
After receiving the feed treated with PCB for 31 days, one of the mink was observed having difficulty chewing. Examination revealed swelling of the upper and lower jaws with nodular proliferations of the mandibular and maxillary gingiva and loose teeth ( Fig. 1 ). With time, additional mink developed similar lesions and were euthanized. The last mink euthanized received the PCB 126 diet for 69 days.
Removal of the skin and soft tissue from the skull of the PCB-fed mink revealed a marked porosity of maxillary and mandibular bone (Fig. 2) . Histologically, the mucosal epithelium was thickened and mucosal epithelium adjacent to teeth extended into the underlying tissue as thin cords (Fig.  3) . The principal lesion was the presence of nests, and cords of squamous epithelial cells within the periodontal ligament of multiple teeth (Fig. 4) . The nests and cords of epithelial cells extended into the adjacent alveolar bone, which was markedly irregular because of osteolysis. Large gaps occurred within the bone that corresponded with the loss of bone observed grossly. The nests of squamous epithelial cells were variable in size and some had cystic centers filled with exfoliated squamous cells (Fig. 5) .
The mandibular and maxillary lesions observed in the mink fed the diet that contained PCB 126 in this study are similar to those reported for humans and certain marine mammals exposed to HAH. 3, 4, 7, 12 The thickened gingiva is similar to gingival hyperplasia that was reported in human neonates exposed to PCBs in utero in Yusho, Japan. 19 The periodontal osteolysis is similar to the osteolysis of mandibular alveolar bone attributed to toxicosis of organochlorine compounds in Baltic grey seals (Halichoerus grypus). 4 Also, some similarities were found to the periodontitis and loss of teeth in beluga whales (Delphinapterus leucas) from the St. Lawrence estuary that contained environmental contaminants, including PCBs. 3, 7 Although these reports describe lesions involving the jaw, none reported a cause. A possible cause may be osteoinvasive periodontal squamous cell proliferation induced by dietary exposure to PCB 126.
Because the periodontal squamous proliferation was detected at an advanced stage of development, the exact origin of the cells was not determined. The squamous cell proliferation appeared to originate, in part, from the oral mucosa, but mainly from cells adjacent to teeth. The most likely origin is cells from rests of odontogenic epithelium (i.e., epithelial rests of Malassez). Support for this hypothesis comes from the fact that the epithelial rests of Malassez in rats given N-methylnitrosourea were stimulated to proliferate into odontogenic neoplasms, 8 and that the cells of the rests of Malassez produce a bone-resorbing factor. 5 This may explain the marked osteolysis of alveolar bone.
Polychlorinated biphenyl congener 126 is structurally similar to the most toxic HAH compound, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), and is thought to act through the same biochemical mechanism of action as TCDD. 11 This mechanism involves binding of the compound while in a coplanar configuration with the aryl hydrocarbon receptor (AhR), translocation of the ligand-AhR complex into the nucleus, and activation of specific genes, including CYP1A1, the gene that encodes the protein cytochrome P4501A1. Enhanced expression of CYP1A1 and other genes by this ligand-activated transcription factor leads to the pleiotropic responses of TCDD, 18 including cell proliferation.
Another toxicologic effect of TCDD is interference with tooth development. 1 In rats, TCDD leads to developmental defects of dental tissue. 1 Babies exposed to breast milk tainted with dioxins have discolored (yellowish brown) teeth and defects in mineralization. 14 Although it is still unknown if PCB 126 causes dental lesions similar to those induced by TCDD, this report clearly documents that the ingestion of PCB 126 may be associated with periodontal lesions.
Studies will need to be performed to determine if the lesion represents a metaplastic, preneoplastic, or neoplastic condition, and if other animals are at risk. Regardless of future findings, this unique lesion may serve as a marker of exposure to PCB 126 and possibly other HAH compounds that have a similar mechanism of action.
